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$\{\begin{array}{ll}\perp_{p_{1^{+p_{2}+p_{3}^{2}}}^{2\perp 2\perp}}I_{1}I_{2}I_{3} =2h,p_{1}^{2}+p_{2}^{2}+p_{3}^{2} =2l\end{array}$
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. , $p=(p_{1},p_{2},p_{3})^{T}$ A diag $(I_{1}, I_{2}, I_{3})$
, $h$ $l$








, , Euler Lax (Man-













Euler . , Euler
2 . 2
, .
$\{\begin{array}{ll}ax^{2}+by^{2}+cz^{2}+dw^{2} =0,x^{2}+y^{2}+z^{2}+w^{2} =0.\end{array}$ (2)
, $(a:b:c:d),$ $(x:y:z:w)$ $P_{3}(\mathbb{C})$ .
$(a: b:c:d)$ (2) $P_{3}(\mathbb{C})$
.
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1. abcd , (2) $P_{3}(\mathbb{C})$
$C$ , $P_{1}(\mathbb{C})=\mathbb{C}\cup\{\infty\}$ 4 $a,$ $b,$ $c,$ $d$
2 .
, $(a:b:c:d)$ , (2) $P_{3}(\mathbb{C})\cross P_{3}(\mathbb{C})$
4 $F$ . , $((a:b:c:d), (x:y:z:w))\in$
$P_{3}(\mathbb{C})\cross P_{3}(\mathbb{C})$ . $F$ .
1. 4 $F$ ( $P_{4}(\mathbb{C})$ ) .
$P_{3}(\mathbb{C})\cross P_{3}(\mathbb{C})$ $F$
$\pi_{F}$
. , 2 , $\pi_{F}$ : $Farrow P_{3}(\mathbb{C})$
. , . ,
. $\pi_{F}$
. , [3] .
$\bullet$ $a,$ $b,$ $c,$ $d$ 2 $($ , $a=b\neq c\neq d\neq a$ $)$ :
, 2 2 (I2
).
$\bullet$ $a,$ $b,$ $c,$ $d$ 2 2 $($ , $a=b\neq c=d)$ :
, 4 (I4
).




, $\pi_{F}$ . ,














$\{\pm 1\}^{4}$ $F$ . $\{\pm(1,1,1,1)\}\subset\{\pm 1\}^{4}$ $F$
, $G:=\{\pm 1\}^{4}/\{\pm(1,1,1,1)\}$ $F$
. , $G$ $F$ $\pi_{F}$
.
, Abel $\{\pm 1\}^{4}$ $\{\pm 1\}^{4}\ni$
$(s_{1}, s_{2}, s_{3}, s_{4})\mapsto s_{1}s_{2}s_{3}s_{4}\in\{\pm 1\}$ , $Garrow\{\pm 1\}$
. $N\subset G$ . , $N$
$F$ . , $F/N$
$P_{3}(\mathbb{C})$ .
, $F/N$ . , 4
$P_{4}(\mathbb{C};2:1:1:1:1)$ , $(P:X:Y:Z:W)$
. $P_{4}(\mathbb{C};2:1:1:1:1)$ $\mathbb{C}^{5}\backslash \{0\}$
$\mathbb{C}^{*}$ $\mathbb{C}^{5}\backslash \{0\}\ni(P, X, Y, Z, W)\mapsto(u^{2}P, uX, uY, uZ, uW)\in \mathbb{C}^{5}\backslash \{0\},$ $u\in \mathbb{C}^{*}$
. 3
$P_{4}(\mathbb{C};2:1:1:1:1)\cross P_{3}(\mathbb{C})$ 4 $Q$ :
$\{\begin{array}{ll}P^{2} =XYZW,0 =aX+bY+cZ+dW,0 =X+Y+Z+W.\end{array}$ (3)
, $(a: b:c:d)$ $P_{3}(\mathbb{C})$ . (3) , 4
$Q$ $P_{3}(\mathbb{C})$ .
, $Qarrow P_{3}(\mathbb{C})$ .
, 4 $Q$
.
2. $F/N$ $Q$ .
, $F/N\cong Q$ .
, $P_{3}(\mathbb{C})$
, , $[$9]
1 . ( ,








, $[$9, 5, 6, 11, 12, 13$]$ .
$B$ , $Larrow B$ . $B$ $\mathcal{O}_{B}$
. $P_{2}(\mathbb{C}$ $)\sim$ $P=P(L^{\otimes 2}\oplus L^{\otimes 3}\oplus \mathcal{O}_{B})arrow B$




$P$ $W_{B}$ . , $g_{2}\in H^{0}(B, L^{\otimes 4}),$ $g_{3}\in H^{0}(B, L^{\otimes 6})$
, $g_{2}=4(e_{1}e_{2}+e_{2}e_{3}+3e_{1}),$ $g_{3}=-e_{1}e_{2}e_{3}$ .
, $W_{B}$ $B$ .
Weierstraf3 . , $W_{B}$
. .
3([11]). $G_{2},$ $G_{3},$ $D$ $g_{2},$ $g_{3}$ , $\triangle=g_{2}^{3}-27g_{3}^{2}$
$B$ .
1. $W_{B}$ $((\cross:y:z), \sigma)\in P$ , $y=0$ $z\neq 0$ .
, $\sigma\in B$ .
2. $W_{B}$ $((0:0 :1), \sigma)\in P$ $\Leftrightarrow\sigma\in Supp(G_{2})\cap Supp(G_{3})$ ,
$G_{3}$ $\sigma$ .






. 1 $\pi_{F}$ $P_{1}(\mathbb{C})$ 2
$a,$ $b,$ $c,$ $d$ . 4 $\frac{(z-c)(b-d)}{(z-d)(b-c)}$




. 3 $\frac{2\kappa-1}{3}\frac{2-\kappa}{3}-\frac{\kappa+1}{3}$ $e_{1}$ ,
$e_{2},$ $e_{3}$ , . , $(a-d)(b-c)$
$\mathcal{O}_{P_{3}(\mathbb{C})}(1)$ $sV$ ,
$s\neq 0$ $U_{s}$ .
$e_{1}=\frac{1}{3s^{2}}\{(a-b)(c-d)+(a-c)(b-d)\}$ ,
$e_{2}=\frac{1}{3s^{2}}\{-2(a-b)(c-d)+(a-c)(b-d)\}$ ,





. (5) $U_{s}$ $\mathcal{O}_{P_{3}(\mathbb{C})}(2)$ $e_{1}$ ,
$e_{2},$ $e_{3}$ . , $L$
$L=\mathcal{O}_{P_{3}(\mathbb{C})}(1)$ . , $g_{2}\in H^{0}(P_{3}(\mathbb{C}), \mathcal{O}_{P_{3}(\mathbb{C})}(4))$ ,
$g_{3}\in H^{0}(P_{3}(\mathbb{C}), \mathcal{O}_{P_{3}(\mathbb{C})}(6))$ . , (5) , (4)
$P_{3}(\mathbb{C})$ $P_{2}(\mathbb{C})$- $P(\mathcal{O}_{P_{3}(\mathbb{C})}(2)\oplus \mathcal{O}_{P_{3}(\mathbb{C})}(3)\oplus \mathcal{O}_{P_{3}(\mathbb{C})})$
WeierstraB $W$ . $\triangle=g_{2}^{3}-27g_{3}^{2}$
$\triangle=\frac{16}{s^{12}}(a-b)^{2}(a-c)^{2}(a-d)^{2}(b-c)^{2}(b-d)^{2}(c-d)^{2}$
, 3 $W$ $P_{3}(\mathbb{C})$ 6 $a=b,$ $a=c$,
$a=d,$ $b=c,$ $b=d,$ $c=d$ .
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, $W$ ( )
$\hat{W}$ :
(A) $\hat{W}$ .









$P_{3}(\mathbb{C})$ 1 $(a:b:c:d)=(1:1:1:1)$ .
$B$ , $\Phi_{B}$ : $Barrow P_{3}(\mathbb{C})$ .
$E$ , $B^{*}=B\backslash E,$ $P_{3}(\mathbb{C})^{*}=P_{3}(\mathbb{C})\backslash \{(1:1:1:1)\}$
, $B^{*}\cong P_{3}(\mathbb{C})^{*}$ . $E$ $P_{3}(\mathbb{C})$ 1 (1 :1:1:1)
$\mathcal{L}$ , $B$ $\mathcal{L}$
. , $\tau_{B}$ : $Barrow E$ . , $E$ $P_{3}(\mathbb{C})$
$(a:b:c:d)=(1:1:1:1)$ E’ , $\mathcal{L}$ $E$ ’
. , $E\cong P_{2}(\mathbb{C})$
$L_{E}=\mathcal{O}_{P_{2}(\mathbb{C})}(1)$ . , $(\tau_{B}^{*}(L_{E}))|_{B}*\cong(\Phi_{B}^{*}(L))|_{B^{*}}$
.
$k$ , $H^{0}(P_{3}(\mathbb{C}), L^{\otimes k})\cong H^{0}(P_{3}(\mathbb{C}), \mathcal{O}_{P_{3}(\mathbb{C})}(k))$ , $a,$ $b$ ,
$c,$ $d$ $k$ . $b-a,$ $c-a,$ $d-a$ $k$
$H_{k}$ , $H_{k}$ $H^{0}(P_{3}(\mathbb{C}), L^{\otimes k})$ .
, .
$H_{k}’\cong H^{0}(E, L_{E}^{\otimes k})$ .
, $W$ $e_{1},$ $e_{2},$ $e_{3}\in H^{0}(P_{3}(\mathbb{C}), L^{\otimes 2}),$ $g_{2}\in H^{0}(P_{3}(\mathbb{C}), L^{\otimes 4}),$ $g_{3}\in$
$H^{0}(P_{3}(\mathbb{C}), L^{\otimes 6}),$ $\triangle\in H^{0}(P_{3}(\mathbb{C}), L^{\otimes 12})$ $H_{2},$ $H_{4}’,$ $H_{6}’,$ $H_{12}$ .
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, $e_{1},$ $e_{2},$ $e_{3}$ $E\cong P_{2}(\mathbb{C})$
$\pi_{T}$ : $Tarrow E$ . , $W|_{B^{*}}$ $T$ $\tau_{B}|_{B^{*}}$
. , $\tau_{B}^{*}(T)|_{B^{*}}\cong\Phi_{B}^{*}(W)|_{B^{*}}$ ,
$\tau_{B}^{*}(T)$ $\Phi_{B}^{*}(W)|_{B}*$ .
, $E’$ $a+b+c+d=0$ $E$
$T$
$e_{1},$ $e_{2},$ $e_{3}$ $H_{2}$ .
$\Phi_{B}:Barrow P_{3}(\mathbb{C})$ $m= \frac{a+b+c+d}{4}$ $(t_{0}:t_{1}:t_{2}:t_{3})\in P_{3}(\mathbb{C})$
:
$t_{0}+t_{1}+t_{2}+t_{3}=0$ ,










, 1 $s$ 4.2 , $s\neq 0$
. , .
$J= \frac{\{(t_{0}-t_{1})^{2}(t_{2}-t_{3})^{2}+(t_{0}-t_{2})^{2}(t_{1}-t_{3})^{2}+(t_{0}-t_{3})^{2}(t_{1}-t_{2})^{2}\}^{3}}{54(t_{0}-t_{1})^{2}(t_{0}-t_{2})^{(}t_{0}-t_{3})^{(}t_{1}-t_{2})^{2}(t_{1}-t_{3})^{2}(t_{2}-t_{3})^{2}}$.
, $\triangle$ , $\pi_{T}$ : $Tarrow E$ $E$
6
$l_{01}:t_{0}=t_{1},$ $l_{02}:t_{0}=t_{2},$ $l_{03}:t_{0}=t_{3},$ $l_{12}:t_{1}=t_{2},$ $l_{13}:t_{1}=t_{3},$ $l_{23}:t_{2}=t_{3}$
. 6 1 .
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$T$
, WeierstraB $\pi_{W}$ : $Warrow P_{3}\backslash (\mathbb{C})$
$P_{3}(\mathbb{C})$ 1 $\Phi_{B}:Barrow P_{:;}(\mathbb{C})$ $E$ Weierstraf3
$\pi_{T}$ : $Tarrow T$ . ,
$T$ , (A), (B)




3 , 3 $T$
:
$( \cross:y:z)=(\frac{(t_{0}-t_{2})(t_{0}-t_{3})}{3s^{2}}:0:1),$ $t_{0}=t_{1}$ ;
$( \cross:y:z)=(\frac{(t_{0}-t_{1})(t_{0}-t_{3})}{3s^{2}}:0:1),$ $t_{0}=t_{2}$ ;
$( \cross:y:z)=(\frac{(t_{0}-t_{1})(t_{0}-t_{2})}{3s^{2}}:0:1),$ $t_{0}=t_{3}$ ;
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$( x:y:z)=(\frac{(t_{1}-t_{3})(t_{1}-t_{0})}{3s^{2}}:0:1),$ $t_{1}=$ 2;
$( x:y:z)=(\frac{(t_{0}-t_{2})(t_{1}-t_{0})}{3s^{2}}:0:1),$ $t_{1}=t_{3}$ ;
$( \cross:y:z)=(\frac{(t_{2}-t_{1})(t_{2}-t_{0})}{3s^{2}}:0:1),$ $t_{2}=t_{3}$ .
, $(\cross:y:z)$ $E$ $P_{2}(\mathbb{C})$ - $P(\mathcal{O}_{E}(2)\oplus \mathcal{O}_{E}(3)\oplus \mathcal{O}_{E})$
.




$(\cross:y:z)=(O:0:1),$ $P_{3}:t_{3}=t_{0}=t_{1}$ . (6)
, $E$ 4 $P_{0},$ $P_{1},$ $P_{2},$ $P_{3}$ 6 $l_{01},$ $l_{02},$ $l_{03},$ $l_{12},$ $l_{13},$ $l_{23}$
3 . (6)
([7]) . [14]
, 4 $P_{0},$ $P_{1},$ $P_{2},$ $P_{3}$ (A), (B)
.
4 $P_{0},$ $P_{1},$ $P_{2},$ $P_{3}$
$E$ $P_{0},$ $P_{1},$ $P_{2},$ $P_{3}$ 6 $l_{01},$ $l_{02},$ $l_{03},$ $l_{12},$ $l_{13},$ $l_{23}$




(a) , , 4 $P_{0},$ $P_{1},$ $P_{2},$ $P_{3}$
4 . $P_{2}(\mathbb{C})$
, 4 1 .
(b) , $E$ 4 $P_{0},$ $P_{1},$ $P_{2},$ $P_{3}$ .




(c) , (a) 4 $P_{0},$ $P_{1},$ $P_{2},$ $P_{3}$
4 ( 16 )





$( x:y:z)=(\frac{(t_{0}-t_{2})^{2}}{3s^{2}}:0:1),$ $Q_{0}:t_{0}=t_{1}\neq t_{2}=t_{3}$ ;
$( \cross:y:z)=(\frac{(t_{0}-t_{1})^{2}}{3s^{2}}$ : $0:1),$ $Q_{1}:t_{0}=t_{2}\neq t_{1}=t_{3}$ ;
$( x:y:z)=(\frac{(t_{1}-t_{0})^{2}}{3s^{2}}:0:1),$ $Q_{2}:t_{0}=t_{3}\neq t_{1}=t_{2}$ .
, , (A), (B)
. [14] . ,
3 $Q_{0},$ $Qi,$ $Q_{2}$ I4 .
(iii) , 6 loi, $l_{02},$ $l_{03},$ $l_{12},$ $l_{13},$ $l_{23}$
, $\pi_{\hat{T}}$ : $\hat{T}arrow\hat{E}$
. .
1. Weierstrafl $\pi_{T}$ : $Tarrow E$ , $E$ 4 $to=$
$t_{1}=t_{2},$ $t_{1}=t_{2}=t_{3},$ $t_{2}=t_{3}=t_{0},$ $t_{3}=t_{0}=t_{1}$ $\hat{E}$
$(A),$ $(B)$
$\pi_{\hat{T}}$ : $\hat{T}arrow\hat{E}$ .
, $\pi_{\hat{T}}$ :
$\bullet$ 6 $to=t_{1}$ , $to=t_{2}$ , $to=t_{3}$ ,




$\bullet$ 3 $Q_{0}$ : $t_{0}=t_{1},$ $t_{2}=t_{3;}Q_{1}$ : $t_{0}=t_{2},$ $t_{1}=t_{3;}Q_{2}$ : $t_{0}=t_{3},$ $t_{1}=t_{2}$
$I_{4}$ .
$\bullet$ 6 $to=t_{1,}$ $to=t_{2}$ , $to=t_{3},$ $t_{1}=t_{2_{2}}t_{1}=t_{3},$ $t_{2}=t_{3}$
$I_{2}$ .
186
. , $(t_{0}:t_{1}:t_{2}:t_{3})$ $t_{0}+ti+$
$t_{2}+t_{3}=0$ $E$ .
$W$
$\pi_{\hat{T}}$ : $\hat{T}arrow\hat{E}$ $\tau_{B}$ : $Barrow E$ ,
WeierstraB $\pi_{W}:Warrow P_{3}(\mathbb{C})$ .
. $\pi w$ $P_{3}(\mathbb{C})$ 4 $a=b=c,$ $b=c=d,$ $c=d=a$ ,
$d=a=b$ $B$ $B$ $\hat{B}$ ,
$C$ .
2. Weierstraf $\pi_{W}:Warrow P_{3}(\mathbb{C})$ , $\hat{B}$
$(A)$ , $(B)$ $\pi_{\hat{W}}$ : $\hat{W}arrow\hat{B}$ .
, $\pi_{\hat{W}}$ :
$\bullet$ $C$ 6 $a=b,$ $a=c,$ $a=d,$ $b=c,$ $b=d,$ $c=d$
$I_{1}^{*}$ .
$\bullet$ $C$ $I_{0}^{*}$ .
$\bullet$ 3 $a=b,$ $c=d;a=c,$ $b=d;a=d,$ $b=c$ I4 .
$\bullet$ 6 $a=b,$ $a=c,$ $a=d,$ $b=c,$ $b=d,$ $c=d$
I2 .
.
4.3.2 $F/N\cong Q$ $W$
, $F/N\cong Q$ WeierstraB $W$






























. $\mathcal{O}_{P_{3}(\mathbb{C})}(1)$ , (10) WeierstraB
$W$ . , (7),
(8), (9), $P=$ xyzw, $X=x^{2},$ $Y=y^{2},$ $Z=z^{2},$ $W=w^{2}$
$((a:b:c:d), (x:y:z:w))$ , $F/N\cong Q$ $W$
, Zariski .
.
3. $\pi_{F}$ : $Farrow P_{3}(\mathbb{C})$ $\pi_{\hat{W}}$ : $\hat{W}arrow\hat{B}$











. , $p=R(\Pi)\in \mathbb{R}^{3}$ , $\Omega=(d\tilde{H})_{\Pi}=R^{-1}(A^{-1}(R(\Pi)))$
. A , $\Pi=J\Omega+\Omega J$
. , A $=$ diag $(Ii, I_{2}, I_{3})$ , $J=$ diag $(J_{1}, J_{2}, J_{3})$ $I_{1}=J_{2}+Js$ ,
$I_{2}=J_{3}+J_{1},$ $I_{3}=J_{1}+J_{2}$ .
, Euler (12) Lax
.
$\frac{d}{dt}(\Pi+\lambda J^{2})=[\Pi+\lambda J^{2}, \Omega+\lambda J]$ .
$\lambda\in \mathbb{C}$ . Lax Manakov
([10]). , $3\cross 3$ $\Pi+\lambda J^{2}$
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, $\lambda$ $\Pi+\lambda J^{2}$ $\mu$
:
$\det(\Pi+\lambda J^{2}-\mu E)=0$ .




, $h’= \frac{1}{2}(J_{1}^{2}p_{1}^{2}+J_{2}^{2}p_{2}^{2}+J_{3}^{2}p_{3}^{2})$ , ,
.
$h’=I_{1}I_{2}I_{3}h+ \frac{(I_{1}+I_{2}+I_{3})^{2}-4(I_{1}I_{2}+I_{2}I_{3}+I_{3}I_{1})}{4}l$ .
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